Murine monoclonal antibodies that bind the 0-antigens of Yersinia enterocolitica serotype 0:9 and Brucella abortus 1119-3 were generated after immunization of BALB/c mice with killed, whole cells. Highly purified lipopolysaccharide preparations from each organism were used to screen for antigen-specific antibodies. Immunization with B. abortus cells induced 56 antigen-specific hybrids, and 10 of the highest antibodyproducing clones were selected for further study. Seven of these clones secreted immunoglobulin G, and three secreted immunoglobulin M antibodies. Immunization with Y. enterocolitica cells resulted after fusion in 76 antigen-specific hybrid cell lines; from these, seven immunoglobulin G-secreting clones were selected for study. The serological cross-reactivity of the B. abortus and Y. enterocolitica 0-antigens was established by enzymelinked immunosorbent assay, immunoprecipitation, and agglutination tests with the monoclonal antibodies induced by each bacterium. This serological cross-reactivity is consistent with the structural identity of the two 0-antigens established by chemical analysis.
In the accompanying paper (4) the chemical similarity of the 0-polysaccharide chains of Brucella abortus and Yersinia enterocolitica 0:9 was established (5). Several serological studies (1, 7, 11, 14) had pointed to the possibility of common determinants in the lipopolysaccharides (LPSs) of these bacteria, and other serological cross-reactions between B. abortus and different gram-negative pathogens have been reported without identification of the antigen (2, 6, 15, 16) . These studies used polyclonal, immune sera, mostly from rabbits, with the attendant problems of crossabsorption for various cross-reacting antigens. Monoclonal antibodies do not require absorptions to be made specific and are ideal probes for detecting specific cell surface molecules. To date, there have been limited reports of monoclonal antibodies specific for Brucella antigens (10, 18a) .
It was decided, therefore, that monoclonal antibodies produced to the LPSs of B. abortus and Y. enterocolitica 0:9 would be particularly well suited for studies of the reported serological cross-reactions involving these and other gramnegative bacteria. It was anticipated that selected monoclonal antibodies with defined binding characteristics could serve as useful reagents for the routine serological identification of these organisms.
MATERIALS AND METHODS
Antigens. The bacterial strains B. abortus 1119-3, and Y. enterocolitica 0:9 were those described in the accompanying paper (4) . Immunization was conducted with bacterial cells grown to late-log phase in batch culture, phenol killed (1% [wt/vol] phenol), washed with 0.01 M phosphate-buffered saline (PBS; pH 7.0), and suspended in PBS at 2 x 108 cells per ml. LPSs were extracted from bacteria by the phenol-water method (21) , and the phenol-phase soluble LPS was purified by repeated enzyme digests and ultracen-* Corresponding author.
t National Research Council of Canada contribution no. 23737. trifugation, as described in the accompanying paper (4). LPSs from Vibrio cholera Ogawa and Inaba were gifts from L. Kenne, Department of Organic Chemistry, Arrhenius Laboratory, University of Stockholm, Sweden. 0-polysaccharides (lipid A free) were prepared from the respective LPSs by mild acetic acid hydrolysis and, subsequently, gel filtration chromatography (4, 5) of the water-soluble products.
Immunization. Female 6-to 8-week-old BALB/c mice (Charles Rivers Canada Inc., St. Constant, Quebec, Canada) were given two intraperitoneal injections of 0.5 ml of cell suspension 1 week apart, and after a 3-week rest, the mice received a final intravenous injection. All three injections consisted of 108 Y. enterocolitica 0:9 or B. abortus phenolkilled cells in PBS.
Fusion and cloning. The fusion protocol was the modified procedure described by Kennett et al. (13) , which combines the essential elements of the procedures developed by Gafle et al. (8) and Gefter et al. (9) . Spleen cells from two immunized mice were fused with the non-immunoglobulin (Ig)-producing Sp2/0 plasmacytoma cell line (Institute for Medical Research, Camden, N.J.) as previously described (3) . Putative hybrids were screened by an enzyme-linked immunosorbent assay (ELISA) on culture supernatants (100 ,ul) 10 to 14 days postfusion. Hybrids exhibiting an absorbance reading of more than 0.3 against negligible background were cloned in semisolid agar with mouse spleen cells as feeders (3) . All hybrids were cloned twice to ensure stability before freezing the cell samples and raising ascitic fluid.
ELISA screening. LPS-coated Linbro EIA microtitration plates (Flow Laboratories, Mississauga, Ontario, Canada) were prepared by incubation with 100 p.l of the appropriate LPS solution (10 pug/ml) in 0.05 M sodium carbonate buffer, (pH 9.8) per well for 3 h at 37°C. Plates were sealed and stored at 4°C until needed. ELISA testing of cell supernatants and ascitic fluid was carried out as described by Bundle et Ascitic fluid. BALB/c mice were primed by intraperitoneal injection of 0.5 ml of 2,6,10,14-tetramethylpentadecane (pristane) 1 to 4 weeks before injection with 106 hybridoma cells. Ascitic fluid was tapped 7 to 10 days later and stored at -70°C.
Whole cell agglutination. Whole cell agglutination was performed in Linbro 96-flat-well microtitration plates (Flow Laboratories). To each well was added 100 ,u of ascitic fluid diluted 1:10, 1:100, and 1:1,000 in PBS, followed by 10 VI of a suspension containing 1010 Y. enterocolitica 0:9 or B. abortus cells per ml of PBS. The suspensions were mixed and then allowed to settle for 2 h at room temperature, and agglutination was scored by microscopic examination.
Immunodiffusion. Immunodiffusion plates were set up with 1% agarose-Induboise A37 (Fisher Scientific Co., Pittsburgh, Pa.) in PBS. Ascitic fluids were added to the wells undiluted; antigen solutions (bacterial polysaccharide and alkali-treated LPS) were used at 1 and 0.5-mg/ml concentrations. Precipitin lines were recorded after 24 to 48 h of incubation at room temperature.
SDS-polyacrylamide gel electrophoresis and immunoblots.
LPS samples (1 p.g) were subjected to sodium dodecyl sulfate (SDS)-polyacrylamide gel electrophoresis by the published method (20) , and subsequently the gel was transblotted onto nitrocellulose (19 Tables 2 and 3 . ELISA endpoint titrations were conducted for each antibody, using both Y. enterocolitica and B. abortus LPS antigens. All of the B. abortus monoclonal antibodies (Table 3) showed similar ELISA titers with the homologous and heterologous LPSs. A similar picture emerged for the Y. enterocolitica clones, except for clones Ys.T9-5 and Ys.T9-6, which failed to react with B. abortus LPS. The titration curves with homologous and heterologous LPSs for two representative monoclonal antibodies Ys.T9-2 and B.ab.-8 are presented (Fig. 1) . (Table 3) .
Summarized immunodiffusion results are presented (Tables 2 and 3), and representative results are shown (Fig. 2) for three anti-Y. enterocolitica and three anti-B. abortus monoclonals. Two patterns were observed; antibodies that precipitated only LPS (Ys.T9-1, -3, and -5 and B.ab.-3 and -9) and those that precipitated both LPS and 0-chain polysaccharide (Ys.T9-2 and -4 and B.ab.-4, -6, -7, -8, and -10). Antibody Ys.T9-6, which fell into the latter category, reacted with the 0-chain polysaccharide of Y. enterocolitica but not that of B. abortus (Table 2) .
LPSs from Y. enterocolitica and B. abortus were subjected to SDS-polyacrylamide gel electrophoresis (20) , and initially with the silver staining method (19) an unresolved, continuous streak was observed. This pattern is characteristic of 0-chains with a monosaccharide repeating unit. How- ever, by judicious loading of antigen on the gel it was possible to observe finely resolved bands for both LPSs with the silver stain and most effectively by immunoblotting. The SDS gel was trans-blotted, and a cocktail of Y. enterocolitica monoclonal antibodies Ys.T-1 to -7 was used, in conjunction with a goat anti-mouse horseradish peroxidase-HRP-conjugated antibody to visualize the LPS banding. Immunoblots performed in a similar fashion with individual monoclonal antibodies Ys.T9-5 and -6 showed that these antibodies bound only to the S-type LPS molecules and not to the core LPS devoid of 0-chain.
All monoclonal antibodies were examined by ELISA for cross-reaction with structurally related LPS of V. cholerae. Positive reactions (optical density, .0.1) were observed but only for ascites dilutions up to 1:100. DISCUSSION The two fusion experiments described established that the phenol soluble 0-antigens of B. abortus and Y. enterocolitica 0:9 are highly immunogenic when presented as whole cell antigens. Previous work in this laboratory (D. R. Bundle and M. A. J. Gidney, unpublished data) with Shigella flexneri, various Salmonella species, and Escherichia coli bacteria indicated that whole cells rather than purified LPSs were the preferred immunizing antigen for a strong LPS response and for producing large numbers of 0-antigenspecific hybrids. To establish the LPS specificity of putative hybrids, purified LPS was used in the initial screening assay. Since this procedure did not distinguish between antibodies with specificity for any of the three distinct portions of an LPS molecule (lipid A, core, or 0-chain) B. abortus and Y. enterocolitica LPSs were used as dual screening antigens. Despite their structurally identical 0-chains, it was considered unlikely, on the basis of chemical analysis, that the two LPSs possessed similar core oligosaccharides (5 Type 2. Antibodies that both agglutinated bacteria and had high ELISA titers, but which failed to precipitate the polysaccharide antigens were directed toward a common univalent determinant. Terminal nonreducing portions of the 0-chains would fulfil these requirements, and antibodies to group A variant Streptococcus spp. exhibiting similar characteristics have been attributed chain end specificity (17) . In the case of LPS, unlike the streptococcal polysaccharide, micelle formation is possible, and alkali LPS could precipitate even with chain end specific antibodies. Here we observed antibodies Ys.T9-1 and -3 and B.ab.-3 and -9 which precipitated alkali-treated LPS and antibodies Ys.T-7 and B.ab.-1, -2, and -5 which did not. None of these antibodies precipitated the polysaccharide 0-chains. Type 3. Two antibodies, Ys.T9-5 and -6, were deliberately selected from the Y. enterocolitica fusion experiments because they failed to show ELISA titers with the heterologous B. abortus LPS, and these were believed to be core specific antibodies. No such antibodies with unique B. abortus activity were isolated from the B. abortus fusion experiment. Despite the fact that core oligosaccharides should be essentially univalent antigens, since the core oligosaccharide is a unique entity, both Ys.T9-5 and -6 precipitated the corecontaining Y. enterocolitica LPS. To clarify the specificity of these antibodies, Y. enterocolitica LPS was subjected to SDS-polyacrylamide gel electrophoresis (20) , and the gel was trans-blotted onto nitrocellulose (19) . Treatment of the nitrocellulose with either of the two monoclonal antibodies Ys.T9-5 and -6, followed by a second antibody conjugated to horseradish peroxidase HRP showed that LPS bearing 0-chains and not core LPS (R-type LPS) bound the two antibodies. This indicates that the portion of the 0-antigen recognized is most probably an oligosaccharide portion which encompasses elements of both the 0-chain and the core. This would correspond to the semi-rough portion of LPS at the point at which 0-chain is linked to the core. The ability to precipitate LPS derives from the multivalence generated by aggregation or micelle formation due to attached lipid. Thus Ys.T9-5 does not precipitate the polysaccharide of either organism as expected, although antibody Ys.T9-6 does show a very faint precipitin line with the Y. enterocolitica polysaccharide. Both antibodies did, however, consistently distinguish B. abortus from Y. enterocolitica LPS in precipitation, agglutination, and ELISA, in agreement with chemical analyses which show the sugar composition of the Y. enterocolitica (5) and B. abortus (4) cores to be distinct.
Since V. cholera shares a very similar 0-chain structure with B. abortus and Y. enterocolitica 0:9 and differs only in N-acyl grouping (5, 12) , cross-reactions between these organisms were evaluated with the monoclonal antibodies. However, ELISA with V. cholera Ogawa and Inaba LPSs as antigens failed to reveal significant binding at dilutions greater than 1:100. It was therefore concluded that although some vestige of recognition existed for the polysaccharide, the nature of the N-acyl group on the backbone sugar was crucial to the binding of these Y. enterocolitica and B. abortus monoclonals. This contrasts with published data for polyclonal (2, 16) antibodies.
Seventeen LPS-specific monoclonal antibodies were generated from two fusion experiments which used either B. abortus or Y. enterocolitica 0:9 cells for immunization. On the basis of ELISA and agglutination tests, 15 of these antibodies showed activity for the 0-antigen of both organisms. Two antibodies, Ys.T9-5 and -6, with at least partial core specificity may be used to distinguish the Y. enterocolitica 0:9 LPS from the B. abortus antigen. Thus it is possible to serologically distinguish these two bacteria, which have a known serological cross-reactivity, by choosing the appropriate pair of monoclonal antibodies. Such tests could be based on precipitation, agglutination, or ELISA. These antibodies are being used to study the cell wall polysaccharide antigens of other B. abortus strains and are being evaluated for specific serological identification ofB. abortus.
